. Bentazon added to cloransulam-methyl increased plant height as much as 3 cm. The addition of bentazon to halosulfuron-methyl had no effect on the height of various market classes of dry bean. Bentazon added to cloransulam-methyl generally has no effect on seed moisture content in black and white bean but decreased seed moisture content of cranberry and kidney bean as much as 4%. The addition of bentazon to halosulfuron-methyl caused no effect on seed moisture content of dry bean. Cloransulam-methyl caused a 7% to 18% reduction in dry bean yield compared to halosulfuron-methyl and 12% to 21% reduction in yield compared to bentazon. Bentazon added to cloransulam-methyl increased dry bean yield by 0.16 and 0.31 t·ha -1 at Exeter (2009) and Ridgetown (2009) respectively. The addition of bentazon to halosulfuron-methyl had no effect on dry bean yield.
INTRODUCTION
Dry bean (Phaseolus vulgaris L.) production is important to the economy in Ontario. In 2009, dry bean growers produced nearly 80,000 tonnes on approximately 40,000 hectares with a farm gate value of more than $51,000,000 [1] . Weed control is one of the most critical production concerns as dry bean has short stature and thus is a poor competitor against weeds. The most prevalent and troublesome weeds in the region include Chenopodium album L. [2] . Dry bean growers are constantly looking for herbicide options with a new mode of action that have an adequate margin of crop safety and provide consistent control of troublesome weeds in various market classes of dry beans.
Cloransulam-methyl is a triazolopyrimidine sulfonamide herbicide that controls several broadleaf weeds that occur in Ontario such as A. theophrasti, Xanthium strumarium L. (common cocklebur) and A. artemisiifolia [3] . Cloransulam-methyl inhibits acetolactate synthase (ALS), an important enzyme responsible for the synthesis of branched-chain amino acids isoleucine, leucine and valine in plants [3] . Cloransulam-methyl can be applied preemergence (PRE) and postemergence (POST) in bean [3] . It is readily translocated from roots to shoots and from shoots to roots causing rapid growth inhibition in susceptible plants [3] . Injury symptoms from cloransulam-methyl POST in susceptible weeds include growing point inhibition, chlorosis followed by necrosis, stunting, and complete death within 3 -10 days [3] . Cloransulam-methyl is active at low doses, possesses low mammalian toxicity and is relatively soil immobile so it has little potential to contaminate groundwater and the environment [3] .
Halosulfuron-methyl is a sulfonylurea herbicide that also inhibits acetolactate synthase [3] . Halosulfuron-methyl controls broadleaf weeds such as A. retroflexus, A. theophrasti, Polygonum persicaria L. (ladysthumb), X. strumarium and Cyperus esculentus L. (yellow nutsedge), including group resistant biotypes [3] . Halsosulfuronmethyl is readily taken up by both the roots and shoots of susceptible plants and is translocated throughout the plant causing rapid growth inhibition. Injury from halosulfuron in susceptible weeds includes chlorosis within 3 -7 days, death of the growing point within 7 -14 days and complete death of susceptible plants within 14 -21 days [3] . Similar to cloransulam-methyl, halosulfuron-methyl is relatively immobile in soil and is active at low doses so it has little potential to contaminate groundwater and the environment [3] .
The few published studies on crop tolerance and weed control efficacy of cloransulam-methyl and halosulfuron-methyl in dry bean have shown crop injury with cloransulam-methyl and halosulfuron-methyl applied POST in some market classes of dry bean [4] . Herbicides such as bentazon have been shown to have the potential to reduce crop injury in dry beans or other crops when tank-mixed with injurious herbicides such as tritosulfuron, thifensulfuron, saflufenacil and imazethapyr [5] [6] [7] [8] . In addition to its safening characteristics, bentazon is a selective benzothiadiazole POST herbicide that controls broadleaf weeds such as C. album, A. theophrasti, Portulaca oleracea L. (purslane), Raphanus raphanistrum L. (wild radish), Galinsoga ciliata (hairy galinsoga), Senecio vulgaris (common groundsel), Datura stramonium L. (jimsonweed), P. persicaria, Sinapis arvensis L., X. strumarium, Capsella bursa-pastoris (L.) Medic (shepherdspurse) and Stellaria media (L.) Vill. (common chickweed), including group II and V resistant biotypes [2, 3] .
Currently there is little information on the safening effect of bentazon on cloransulam-methyl and halosulfuron-methyl applied POST in different market classes of dry beans. More information is needed on the tolerance of dry bean to the tank mixed combination of bentazon with cloransulam-methyl or halosulfuron-methyl. If crop tolerance is adequate, registration of this tank-mix would provide dry bean growers with an effective safe option for control of troublesome broadleaf weeds. The objecttive of this study was to determine if the addition of bentazon reduces the injury from cloransulam-methyl or halosulfuron-methyl applied POST in black, cranberry, kidney and white beans. The experiment at each site was arranged in a splitplot design with four replications. The main plots were herbicide treatments and the sub-plots were market classes of dry beans. Herbicide treatments are listed in Table 1 . Plots consisted of four rows that were 3 m wide (4 rows spaced 0.75 m apart) and 10 m long at Exeter and 8 m long at Ridgetown. Within each plot, there was one row of black ("Black Velvet"), white ("T9905"), cranberry ("Etna") and kidney ("Redhawk") bean.
MATERIALS AND METHODS
Beans were planted to a depth of 5 Herbicide treatments were applied using a CO 2 -pressurized backpack sprayer calibrated to deliver 200 L·ha -1 at 240 kPa. The boom was 1.5 m long with four ultra-low drift nozzles (ULD120-02, Hypro, New Brighton, MN) spaced 50 cm apart. Treatments were applied 3 to 4 weeks after planting at the 2 -3 trifoliate dry bean leaf stage. All treatments including the non-treated control were maintained weed free by inter-row cultivation and hand hoeing as required during the growing season.
Crop injury was evaluated visually 1, 2 and 4 weeks after treatment (WAT) using a scale of 0 to 100% where a rating of 0 was defined as no visible plant injury and a rating of 100 was defined as plant death. At 4 WAT, a 1 m section of row for each cultivar was hand harvested at the ground level, oven dried at 60˚C to a constant moisture and the dry weight was recorded. At 5 WAT, ten plants per plot were randomly selected and the height from the soil surface to the highest growing point was measured. Yields were measured at crop maturity by hand-harvesting the remaining 9 m from each plot at Exeter and 7 m from each plot at Ridgetown and threshing in a plot combine. Crops were considered physically mature when 90% of the pods in the non-treated plots of each market class had turned from green to a golden colour. Dry beans were harvested at Exeter from Sept. 2 to Sept. 18 in 2008 and from Sept. 8 to Sept. 22 in 2009; and at Ridgetown on Sept. 16, 2009 . All yields were adjusted to 18% moisture.
Data were analyzed using the PROC MIXED procedure of SAS (Release 9.2. Statistical Analysis Systems Institute, Cary, NC, USA) as a factorial [treatment (1 -15) and market class (black, white, cranberry and kidney bean)]. Variances were partitioned into the random effects of locations, years, and years by locations, blocks within years by locations, and their interactions with fixed effects, and into the fixed effects of herbicide treatment, market class and herbicide by market class.
Significance of random effects was tested using a Z-test of the variance estimate and fixed effects were tested using F-tests. Error assumptions of the variance analyses (random, homogeneous, normal distribution of error) were confirmed using residual plots and the ShapiroWilk normality test. To meet the assumptions of the variance analysis, percent injury at 1 WAT for Exeter 2008 and all injury 2 and 4 WAT were subjected to square root transformation [9] . Seed moisture content data were log transformed. Means were compared on the transformed scale and were converted back to the original scale for presentation of the results. Treatments were compared using planned contrasts as listed in Table 2 . The Type I error was set at P < 0.05 for all statistical comparisons.
RESULTS AND DISCUSSION
Statistical analysis showed that environment by treatment by variety interaction was significant for all variables except moisture therefore environments could not be combined for most variables. The 2009 data could be combined for injury 1 and 2 WAT and height. All three environments had to be separated for injury 4 WAT, dry weight and yield. Where the treatment by variety interaction was significant, data was split into variety groups: black and white together; cranberry and kidney together. Shoot dry weight results were similar to plant height therefore only plant height results are discussed.
Crop Injury
Cloransulam-methyl applied POST caused more injury than halosulfuron-methyl or bentazon at 1, 2 and 4 WAT in dry bean ( Table 3) . There was little difference between bentazon doses (840 and 1680 g·ai·ha -1 ) on their safening effects on cloransulam-methyl. The addition of bentazon (doses combined) to cloransulam-methyl reduced the level of injury 0 to 6% at 17.5 g·ai·ha -1 and 0 to 9% at 35 g·ai·ha -1 in dry bean ( Table 3) . Generally, halosulfuron-methyl caused more injury than bentazon to dry bean. There was generally no difference between bentazon doses (840 or 1680 g·ai·ha -1 ) on their safening effects on halosulfuron-methyl. The addition of bentazon (doses combined) to halosulfuron-methyl reduced the level of injury as much as 4% at 35 g·ai·ha -1 and 6% at the 70 g·ai·ha -1 ( Table 3) . In other studies, cloransulam-methyl caused as much as 23% injury in black, cranberry, kidney and white bean, respectively [4, 11] . Halosulfuron-methyl applied POST caused 7% to 13% injury in black, cranberry, kidney, otebo, pinto, SRM and white beans [10] . Stewart et al. [12] reported up to 67% injury with halosulfuron-methyl applied POST at 35 g·ai·ha -1 and 86% injury at 70 g·ai· ha -1 in adzuki bean. Other sulfonylurea herbicides such as thifensulfuron caused as much as 67% injury in adzuki bean (Stewart et al. 2010 ). Wall [13] found that thifensulfuron plus bentazon applied POST caused ≤50% injury in navy bean. Silvey et al. [14] reported 5% injury from halosulfuron-methyl POST in snap bean (Phaseolus vulgaris L.). Other ALS inhibiting herbicides such imazethapyr POST did not injure pinto bean in Alberta and New Mexico [15, 16] but caused significant injury in studies conducted in Michigan, Nebraska and Wyoming [5, 17, 18] . Renner and Powell [17] reported that imazethapyr applied POST caused 20% injury in pinto bean. Soltani et al. [19] found as much as 44% injury in pinto and SRM bean with imazethapr. VanGessel et al. [20] found 0% to 33% injury to lima bean with imazamox plus bentazon depending on site, year and application dose. The addition of bentazon to ALS inhibiting herbicides also has been shown to reduce crop injury in dry bean. Bauer et al. [5] found as much as 20% reduction in crop injury to pinto bean when bentazon was tank-mixed with imazethapyr compared to imazethapyr alone. Wall [13] found as much as 14% less injury with in navy bean ) compared with imazethapyr alone.
Plant Height
Generally dry bean growers do not like to see a reduction in plant height as shorter plants result in increased bean shatter losses at the cutter bar of the combine during harvest which may can result in significant yield losses. Cloransulam-methyl (doses combined) reduced plant height 4 cm compared to halosulfuron-methyl (doses combined) and as much as 6 cm compared to bentazon (doses combined) in the market classes of dry beans evaluated (market classes combined) ( Table 4 ). There was generally no difference between bentazon doses (840 and 1680 g·ai·ha -1 ) on their safening effects on cloransulam-methyl. The addition of bentazon at 840 or 1680 g·ai·ha -1 to cloransulam-methyl at 17.5 or 35 g·ai·ha -1 increased plant height as much as 3 cm. In other studies, cloransulam-methyl caused no decrease in plant height of the different market classes of dry bean except when applied PRE which reduced black bean height 27% and cranberry bean height 25% at 70 g·ha -1 and reduced white bean height 19% at 35 g·ha -1 and 37% at 70 g·ha -1 [4] . Other ALS-inhibiting herbicides such as imazethapyr POST have been reported to reduce plant height as much as 21% in dry bean [19, 20] . Imazamox has also been reported to reduce dry bean height by 5 to 8 cm [21] . Halosulfuron-methyl (doses combined) reduced plant height as much as 2 cm compared to bentazon (doses combined) with dry beans evaluated (market classes combined). The addition of bentazon to halosulfuronmethyl at either dose had no effect on plant height of the various market classes of dry bean evaluated ( Table 4) . Other studies have shown significant plant height reducetion from sulfonylurea herbicides in dry bean. Thifensulfuron applied POST decreased plant height 15% to 57% in dry bean [22] . Chlorimuron applied POST decreased plant height as much as 36% in dry bean [22] . Thifensulfuron and halosulfuron-methyl also caused significant reduction in height of adzuki bean [12] .
Seed Moisture Content
Seed moisture content is indicative of maturity and is critical in dry bean production as high seed moisture content at harvest can increase spoilage due to bacterial and fungal diseases, staining, or increased drying costs and can result in dockage at the point of sale. Cloransulam-methyl (doses combined) caused a delay in maturity compared to halosulfuron-methyl (doses combined) in cranberry and kidney bean as indicated by increased seed moisture content of 1.8% (Table 5) . However, there was no difference in seed moisture content of black and white bean. Cloransulam-methyl (doses combined) increased seed moisture content 0.4% in black and white bean and 2.5% in cranberry and kidney bean compared to bentazon (doses combined). The addition of bentazon at 840 or 1680 g·ai·ha -1 to cloransulam-methyl at 17.5 or 35 g·ai·ha -1 generally has no effect on seed moisture content of black and white bean but decreased seed moisture content of cranberry and kidney bean as much as 4% (Table 5). When doses were combined halosulfuron-methyl had no effect on seed moisture content compared with bentazon in dry beans evaluated. The addition of bentazon at 840 or 1680 g·ai·ha -1 to halosulfuron-methyl at 35 or 70 g·ai·ha -1 also caused no significant effect on seed moisture content of black, white, cranberry and kidney bean ( Table  5) . In other studies, cloransulam-methyl increased seed moisture content 5.6%, 4.2% and 4.8% in black, cranberry and white bean, respectively [4] . In this study, there was differences in visible injury and seed moisture content of group 1 (black and white bean) and group 2 (cranberry and kidney bean) when treated with the POST herbicides evaluated. This is similar to other studies that have shown differential sensitivity of market classes of dry beans to other herbicides [5, 11, 18, 23, 24] .
Yield
Cloransulam-methyl (doses combined) caused 7% to Copyright © 2012 SciRes.
OPEN ACCESS 18% reduction in the yield of black, white, cranberry and kidney bean (market classes combined) compared to halosulfuron-methyl (doses combined) ( Table 5) . Cloransulam-methyl (doses combined) also caused 12% to 21% reduction in dry bean yield compared to bentazon (doses combined). The addition of bentazon slightly safened cloransulam-methyl however dry bean yield reductions still ranged from 0% to 18% depending on cloransulammethyl and bentazon doses and location ( Table 5) . With doses combined halosulfuron-methyl had no effect on dry bean yield compared with bentazon. Also, the addition of bentazon at 840 or 1680 g·ai·ha -1 to halosulfuronmethyl at 35 or 70 g·ai·ha -1 caused no significant effect on the yield of black, white, cranberry and kidney bean ( Table 5) . In other studies, cloransulam-methyl caused no decrease in yield of various market classes of dry bean except for black bean which was reduced 29% [4] . Other ALS-inhibiting herbicide herbicides such as imazethapyr caused no reduction in yield of pinto bean [15] . However, in other studies imazethapyr reduced yield as much as 25% in some market classes of dry bean [5, 19, 25] . The addition of bentazon to other ALS inhibiting herbicide has been shown to have no effect on dry bean yield in some studies. Bauer et al. [5] found no effect in yield of pinto bean when bentazon was tank-mixed with imazethapyr compared to imazethapyr alone. Wall [13] also found no effect in yield of navy bean when bentazon was tank-mixed with imazethapyr compared to imazethapyr alone. Blackshaw et al. [21] also found no difference in yield of dry bean when bentazon was tankmixed with imazethapyr compared to imazethapyr alone.
CONCLUSION
Based on this research, cloransulam-methyl causes unacceptable crop injury and reduction in plant height, shoot dry weight and yield of black, white, cranberry and kidney bean. The addition of bentazon slightly safens cloransulam-methyl in dry bean under some environmental conditions however, the safening effects do not always provide an adequate margin of crop safety for dry bean. Halosulfuron-methyl applied POST alone and in combination with bentazon caused some early injury in dry bean but plants recovered later in the season with no adverse effect on dry bean plant height, shoot dry weight, seed moisture content and yield. Generally, the addition of bentazon to halosulfuron-methyl caused no adverse effect on plant height, seed moisture content and yield of black, white, cranberry and kidney bean. Additional research is needed to determine if cultivars within a market class of dry beans differ in their response to cloransulam-methyl, halosulfuron-methyl and their tankmix with bentazon.
ACKNOWLEDGEMENTS
We would like to acknowledge Todd Cowan for his expertise and 
